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ABSTRACT PAGE
The fragmentation spectra of dipeptides containing lysine, ornithine, 
Daba, or Dapa are reviewed in this study. Ornithine, Daba, and Dapa are 
non-protein amino acid homologs of lysine with a side chain that is shorter 
than that of lysine. Lysine and its homologs are coupled with alanine, glycine 
and arginine to form dipeptides. Investigating the collision induced 
dissociation (CID) spectra of the dipeptides in an ESI ion trap mass 
spectrometer and an ESI triple quadrupole mass spectrometer helps further 
the knowledge of fragmentation patterns. Previous research in our lab was 
done on lysine-containing pentapeptides and heptapeptides. It is evident 
from the resulting spectra that the fragmentation pattern is still highly 
influenced by the basicity of the side chain. Lysine and ornithine containing 
dipeptides consistently gave dominant b /  fragments when the lysine or 
ornithine were on the C-terminus. Similarly, y /  fragments were also 
dominant when lysine or ornithine were on the N-terminus. When coupled 
with arginine, the b and y ions were largely influenced by the arginine and not 
the lysine or its analogs. Some interesting fragmentation patterns were seen 
with Dapa coupled dipeptides. An unusual appearance of a y /-2  was seen 
suggesting a lack of proton transfer in the fragmentation mechanism. Further 
investigation of lysine containing peptides is needed for better understanding 
of the mechanisms by which the fragmentation occurs.
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Chapter 1: Introduction
1.1 Protein structure
Proteins are biological macromolecules that are essential in the daily 
functioning of liv ing cells and perform a variety of functions. The different 
functions of proteins include transport facilitation, catalysis, metabolic 
regulation, and structural features.1 Proteins are a diverse set o f linear 
polymers and are composed of 20 amino acids in many different sequences. 
Combination of amino acids forms a peptide that in extended length is referred 
to as a polypeptide. The basic structure for an amino acid is displayed below in 
Figure 1.1, where the R represents the side chain of the amino acid.
The amino acids that make up peptide chains are joined together w ith  
peptide bonds. These bonds are formed when the carboxylic acid of one amino 
acid (C-terminus) is attached to the amine group of the other amino acid (N- 
terminus). During this process, dehydration occurs as the hydroxyl group from 
the carboxylic acid and hydrogen from the amine are removed as water.1 All 
peptides from dipeptides to much longer chains are formed in this manner. 
Even thought they are not as structura lly complex as protein molecules, peptides
O
OH
R
Figure 1.1: Basic Structure of Amino Acid
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still have many im portant biological functions. For example, vasopressin 
(antidiuretic hormone) is a peptide that helps control blood pressure.1
The many functions of proteins contribute to the complexity of the ir 
structures. The prim ary structure of proteins is the specific amino acid sequence 
formed in peptide chains.1 The amino acid sequence of the protein is based on 
the DNA base sequence of a gene that codes for the protein.2 Extended peptide 
sequences can form regular structures such as an a-helix or a ^-pleated sheet. 
These regular structures are referred to as the secondary structure of the 
protein. The te rtia ry  structure of a protein is the three-dimensional folding 
pattern of the protein. The importance of the te rtia ry  structure is seen as the 
function of the protein changes w ith  different folding patterns.1
Protein folding is a random process that is largely affected by the side- 
chains of the amino acids in the protein. The interactions between side-chains of 
d ifferent amino acids in the prim ary structure result in a specific folding pattern 
for the proteins. The different interactions that affect the te rtia ry structure 
include hydrophobic and electrostatic interactions, hydrogen bonding and 
covalent bonding.1
Some proteins also have quaternary structure, which occurs when more 
than one polypeptide chain combine to form an oligomer. Hemoglobin, for 
example, is a heterotetramer since it is composed of two alpha and two beta 
chains. The quaternary structure of hemoglobin facilitates the binding of oxygen 
to it.2 The dependence of protein functionality and structure on the amino acid 
sequence has led to an increasing interest in sequencing proteins and peptides.
2
1.2 Protein Sequencing
Proteomics has become one of the most im portant fields of biochemical 
research today.3 Proteomic studies serve to explain different biological 
processes through the study and analysis of the various proteins being 
expressed by an organism. The overall goal of proteomics is to explain the 
information in the genome using the structure and function of the proteins being 
coded.3 Before the introduction of mass spectrometry to proteomics, peptide 
sequencing was a long and d ifficu lt process. Protein sequencing was firs t done 
using Edman degradation.4 This technique identified amino acids based on 
cleavage from the amino term inal o f the protein. Problems w ith  this method 
included the fact that no long peptide sequence could be identified and any 
blockage at the amino term inal resulted in a complete failure.4 The introduction 
of mass spectrometry into proteomics allowed the determination of a wide 
range of proteins w ith  accuracy superior to any methods before.5
The wide use of mass spectrometers for protein studies came w ith  the 
advent o f soft ionization techniques that are able to introduce non-volatile 
peptide/prote in molecules into the gas phase. The two most common ionization 
techniques in proteomics studies are electrospray ionization (ESI) and matrix 
assisted laser desorption/ionization (MALDI).5 Figure 1.2 displays the typical 
mass spectrometric proteomics experiment.6
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Figure 1.2: Typical MS proteomics study6 
The proteins are in itia lly  isolated and digested to peptides using a cleavage 
enzyme such as trypsin. This peptide m ixture is usually then separated using 
some type of liquid chromatography such as HPLC. The solution is introduced 
into the mass spectrometer through a soft ionization source (ESI/MALDI) and 
data is collected.6 The mass spectrometer analysis used in most cases is tandem 
mass spectrometry, MS/MS. This experiment can be conducted on most mass 
spectrometers such as ion traps, trip le  quadrupoles and q-to f (time of flight)
4
instruments. In this type of experiment the protonated mass (M+H+) is isolated 
in MS/MS mode. This ion is then fragmented in a collision chamber using 
collision-induced dissociation (CID). The resulting data of fragment masses and 
intensities provides sequence information about the whole peptide w ith  a quick 
and easy experiment.7 Once a peptide has been identified, databases can be used 
to match the peptide w ith  known protein sequences.
Protein sequencing using CID fragmentation spectra has become a very 
large part of proteomics. The nomenclature for ions produced from 
fragmentation has been globally accepted and standardized.8 The resulting ions 
depend on the location of the charge after the break in the backbone of the 
peptide. Figure 1.3 below shows the different ions formed during fragmentation.
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Figure 1.3: Peptide Fragmentation Ions8 
When the charge prefers to stay on the N-terminus fragment, the resulting ions 
are labeled as either an+, bn+, and cn+ depending on the bond broken and the 
number of side-chains in the fragment. However, i f  the charge stays on the C- 
term inus fragment, fragmentation results in xn+, yn+, and zn+ ions.8 The most 
common ions seen in peptide fragmentation by CID tandem mass spectrometry 
are the bn+ and yn+ ions. While the different types of ions formed have been 
essentially settled on, the mechanism of peptide fragmentation is yet to be
universally accepted. Much can be learned about the pathways of fragmentation 
from examining the different intensities of ions formed.
1.3 Peptide Fragmentation
The most w idely accepted model currently available that describes the 
fragmentation of protonated peptides is the mobile proton model. The mobile 
proton model concept, introduced by Wysocki and Gaskell, explains the 
movement of the proton along the backbone of the peptide, affecting the 
cleavage of specific bonds.910 This model suggests that when energy is added to 
the peptide, the proton w ill move to different protonation sites, in itia ting 
fragmentation. This model was verified using deuterium labeling techniques 
and has been w idely accepted.911 The energy required to mobilize the proton is 
highly dependent on the side chain of the amino acid. Basic amino acids require 
more energy to move the proton from the basic side chain to the backbone to 
induce fragmentation. This is particularly im portant for amino acids w ith  highly 
basic side-chains w ith  a high proton affin ity.9' 11 Of the 20 protein amino acids, 
arginine, lysine and histidine are the most basic amino acids w ith  the highest 
proton affinities.1213
One of the common fragmentation pathways is represented below in 
Figure I.4 .11 The b-y pathway is initiated by the mobilization of the proton in 
the peptide. The nucleophillic attack of the N-terminal oxygen on the carbon 
center results in the formation of the oxazolone derivative. Rearrangement of 
this derivative leads to the structure that is broken into the b-oxazolone ions and 
the y ions.11
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Figure 1.4: b-y fragmentation pathway 
The structural and energetic studies of most small peptides are explained using 
the b-y fragmentation pathway.11 The formation of the b3+ ion for Ala-Gly-Pro-
7
Gly-Ala is seen below in Figure 1.5. This mechanism proposed by Paizs and 
Suhai is based on the transfer of the mobile proton to the carbonyl oxygen. The 
nearby carbonyl then acts as a nucleophile and attacks the protonated carbonyl 
to form  a five-member oxazolone ring that then forms the b+ ion by an 
elim ination step.11
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Figure 1.5: Formation of b3 ion 
Extensive studies have been done on proline to study the specific 
fragmentation pattern that it  produces. While many amino acid sequences
8
produces a random fragmentation pattern, proline is believed to cause the 
selective peptide fragmentation.9’1114 This 'proline effect', which is the tendency 
to cleave the amide bond N-terminal to proline has been extensively studied. 
The 'proline effect' has been attributed to the high proton a ffin ity o f proline as 
well as the strain required for the formation of a protonated bicyclic oxazolone 
ion if  the amide bond C-terminal to proline is broken. Harrison and Young add 
that the proline effect in deprotonated peptides could also be a result o f the 
neutral[s) lost in the cleaving of the N-terminal amide bond.14
1.4 Lysine and its analogs
The effect of the protein amino acid proline on peptide fragmentation has 
been thoroughly studied and the proline effect well documented.1415 The study 
of lysine and its effect on fragmentation has been studied much less than that of 
proline. The goal of this study is to look at the fragmentation spectra of 
dipeptides containing either lysine or one of its lower homologs, ornithine, Daba, 
or Dapa. Comparing the fragmentation behavior w ill help fu rther the 
understanding of how the differences in structure and basicity o f amino acids 
affect peptide fragmentation. The lysine analogs used were ornithine, 2,4- 
diaminobutanoic acid (Daba), and 2,3-diaminopropanoic acid (Dapa). Starting 
w ith  ornithine, each analog has one fewer methylene group in its side chain, w ith  
DAPA being the smallest of the three, having only one methylene followed by an 
amine. The structure of lysine and its analogs are displayed below in Figure 1.6.
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Figure 1.6: Lysine and its analogs
Peptide fragmentation studies on lysine have been a topic o f interest both 
in Dr. Poutsma's lab and in the field of proteomics. Matthew Bernier studied 
some of the dipeptides shown here, but the focus of his research was on 
pentapeptides.16 The location of the lysine or its analog was varied along the 
pentapeptides in an attempt to observe different fragmentation pathways. 
Douglas Challener focused his research on heptapeptides.17 The position of the 
lysine and its analogs was varied along the peptide starting at the second amino 
acid and up to the sixth amino acid. The study of lysine-containing dipeptides 
w ill help figure out the impact o f the lysine in fragmentation.
The basicity of lysine is explained by the presence of two amino groups in 
the amino acid. When protonated, lysine is able to form a strong intramolecular 
hydrogen bond between the two amino groups.18 The proton affinities o f lysine 
and its three analogs (Orn, Daba, Dapa] were determined by Poutsma et al. The
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extended kinetic method was used to determine these values and was supported 
by density functional theory calculations. The proton affinities found were
1004.2 ± 8.0 k j/m o l for lysine and 1001.1 ± 6.6 k j/m o l, 975.8 ± 6.6 k j/m o l, 950.2 
± 7.1 k j/m o l for ornithine, Daba, and Dapa respectively.19 It is im portant to note 
that the proton affinities of ornithine and lysine do not d iffer to a large degree, so 
looking at the different fragmentation patterns when replacing lysine w ith  
ornithine is of interest as any differences w ill be entropic rather than enthalpic. 
The trends w ith  Dapa and Daba w ill be both entropic and enthalpic due to the 
significant differences in proton affinity.
Chapter 2 Experimental Procedures
2.1 Peptide Synthesis
The introduction of solid-phase peptide synthesis by M errifie ld in 1963 
was a significant advance in organic chemistry.20 However, since then, solid- 
phase peptide synthesis has advanced vigorously. The investigation of different 
protecting groups and cleavage reagents has led to the method that is used to 
synthesize our peptides. Dipeptides in this research were synthesized using the 
Fmoc solid-phase synthesis method. Chan and White largely inspired the 
synthetic method applied here.21 A modification to this method was suggested 
by Hood.22 In this synthesis, the C-terminal amino acid is attached to an 
insoluble bead called a resin. In our procedure, a Wang resin (4-
11
hydroxymethylphenoxy) was attached to the C-terminal o f the amino acid. The 
amine side is protected w ith  fluorenylmethyloxycarbonyl (Fmoc) to prevent 
reactions from occurring. The amino acid attached to the resin is in itia lly  
deprotected at the N-terminus by removing Fmoc w ith  piperidine. The second 
amino acid is also protected w ith  Fmoc on the N-terminus. However, it  has a 
free C-terminus that is then coupled to the deprotected N-terminus of the firs t 
amino acid. The addition of more amino acids is possible and is done in a sim ilar 
way. After the addition of the final amino acid, the peptide is cleaved from the 
Wang resin. The specifics of this process w ill be described going forward using 
an example of a synthesized dipeptide. The basic principle behind the solid- 
phase peptide synthesis is shown in Figure 2.1.21 Since the focus of this study 
was on lysine and its analogs, it  was imperative to protect the amine groups on 
these side-chains. The side-chains of lysine and its analogs were protected using 
tert-butyloxycarbonyl (Boc), a strong protecting group. The side chain of 
arginine was protected using 2,2,4,6,7-pentamethyldihydrobenzofuran-5- 
sulfonyl (Pbf).
12
Deprotection of u-amino protecting group
Coupling of next amino acid
X *  Temporary amine protecting group 
Y * Permanent side-cbatn protecting group 
A ■ carboxy activating group
Figure 2.1: Basic principle of solid-phase peptide synthesis 
The attachment of a Wang resin to amino acids is possible and has been 
done previously in our research lab.16 However, all Fmoc-protected amino acids 
were commercially available. Fmoc-Ala-OH, Fmoc-Daba(Boc]-OH, Fmoc- 
Dapa(Boc)-OH, Fmoc-Orn(Boc)-OH, Fmoc-Lys(Boc)-Wang Resin, Fmoc-Ala- 
Wang Resin, Fmoc-Dapa(Boc)-Wang Resin, Fmoc-Daba(Boc)-Wang Resin, Fmoc- 
Gly-Wang Resin, Fmoc-Orn(Boc)-Wang Resin, and Fmoc-Arg(Pbf]-Wang Resin 
were purchased from ChemPep Inc. in Miami, Florida. Fmoc-Daba(Boc)-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf]-OH and the coupling reagent 2 - (6-Chloro- 
lH -benzo triazo le -l-y l)-l,l,3 ,3  tetramethylaminium hexafluorophosphate 
(HCTU) were purchased from Novabiochem in California. Dichloromethane
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(DCM), dimethylformamide (DMF), piperidine, and ethyl ether were all 
purchased from Fischer Scientific. The rest of the coupling and cleaving agents 
were all purchased from Sigma-Aldrich. These included N, N- 
diisopropylethylamine (DIEA), trifluoracetic acid (TFA), and triisopropyl silane.
Synthesis was performed in a 50 mL Kontes cylindrical peptide synthesis 
vessel. This vessel contains a fritted disc that allows the resin beads to stay in 
the tube. All other reagents and solutions used to wash the peptide-attached 
resin can pass through this fr it  into the waste container. A diagram of this 
synthesis vessel can be seen below in Figure 2.2. The vessel is equipped w ith  a 
three-way stopcock. This enables the control of argon flow into the vessel while 
isolating the waste container and vacuum line. After each wash step, the 
washing agent/solution is vacuumed out using house vacuum.
synthesis reagents
waste
collection
Argon
to mechanical 
pump
\  (vacuum)
Figure 2.2: Synthesis vessel set up
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In order to demonstrate the specifics of the synthesis procedure, a 
detailed step-by-step description of the synthesis of the dipeptide Lys-Gly w ill be 
explained. First, a small amount of Fmoc-Gly-Wang resin (0.50 m m ol/g loading 
capacity] was weighed out and put into the synthesis vessel. The amount used 
varied each time but was kept in the range of 0.003-0.010 grams. Approximately 
3-4 mL's o f 50:50 m ixture of DMF/DCM was used to swell the resin beads for 
about th ir ty  minutes. The flow  of argon into the vessel was set as to allow a 
small amount of bubbling into the solution that helps agitate the resin 
throughout the synthesis process. The DMF/DCM mixture was then suctioned 
w ith  vacuum into the waste chamber and the resin beads were washed using 
DMF in two one-minute steps.
The next step is the removal of the Fmoc protecting group to prepare the 
Gly-Wang resin for coupling. This was achieved using a 20:80 m ixture of 
piperidine/DMF. An in itia l 5-minute step was followed by a 20-minute step 
where the piperidine/DM F solution was mixed w ith  the beads using the argon 
gas. The reaction by which Fmoc deprotection occurs is seen in Figure 2.3 
below. The addition of piperidine deprotonates the fluorene ring and results in 
the formation of an aromatic cyclopentadiene intermediate. The intermediate 
dissociates and forms dibenzofulvene that attaches to the piperidine. This 
allows the amino acid to form a free amine end that prepares it for the coupling 
to the next amino acid.21 After the two deprotection steps, the beads were 
washed w ith  DMF in two one-minute steps followed by DCM in four one minute
15
steps. The DMF serves its usual purpose of washing the beads and removing any 
residual solutions, while the DCM acts to dry the beads.
NH<^w\N'-'wn
H2N'AAA
Figure 2.3: Deprotection of resin by removal of Fmoc 
After deprotection, the Gly-Wang resin is now ready to be coupled to the 
Fmoc-Lys(Boc)-OH. As mentioned earlier, the lysine side chain needs to be 
protected separately to prevent any side reactions. The coupling agents were 
suggested by Hood ,et al.22 The coupling agents used are HCTU and DIEA. The 
amount o f each was calculated based on the loading capacity of the Gly-Wang 
resin used. An excess of Fmoc-Lys(Boc)-OH and HCTU was dissolved in DMF and 
an appropriate amount o f DIEA was added to this mixture. The mixing of the 
coupling agents and the amino acid was done in a clean vial before being put into 
the vessel. The coupling step is o f huge importance in peptide synthesis because
16
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it  determines the success o f the formation of dipeptides. It was found that 
longer coupling steps were better for dipeptides since it  was based on only one 
coupling step. Previous lab members were able to successfully make 
pentapeptides and some dipeptides using 20-30 minute coupling times. 
However, it  was found that a m inimum of 45 minutes worked better for 
dipeptides w ith  the lysine analogs and thus that timeframe was used in all 
dipeptides synthesized. Following the 45 min coupling step, the solution was 
suctioned out and the resin was washed w ith  DMF and DCM as before; 2 one- 
minute DMF and 4 one-minute DCM rinses. It is im portant to note that the 
spectra of the firs t synthesized dipeptides were contaminated w ith  peaks that 
resembled the mass of the DIEA coupling agent. In an attempt to clean the 
spectra up, the washes were doubled. This resulted in cleaner spectra that 
elim inated the contamination w ith  DIEA. Thus, the washes fo llow ing the 
coupling steps were changed to 4 one-minute DMF and 7-8 one-minute DCM 
washes. A fter the coupling and washes, the peptide attached to the resin is 
Fmoc-Lys(Boc)-Gly-Wang resin.
Once the resin was thoroughly washed, the peptide is ready for cleavage 
from the Wang resin. If cleavage is performed immediately after coupling, then 
swelling the resin again is not necessary. However, i f  the cleavage step was 
delayed, the beads were swelled again before synthesis continues. The firs t step 
of the cleavage process is once again deprotection and washing w ith  the 20:80 
pip:DMF mixtures as done in previous deprotection steps. The pip:DMF m ixture 
removes the Fmoc protecting group on the N-terminus and now the peptide
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attached to the resin is Lys(Boc)-GIy-Wang resin. Following the wash, the resin 
was sucked dry completely using the vacuum.
In order to cleave the peptide from the beads, a cleaving solution of 95% 
trifluoroacetic acid (TFA), 2.5% deionized water, and 2.5% triisopropyl silane is 
added to the synthesis vessel. The TFA acts to remove the Fmoc protecting 
group as well as the side chain protecting groups; Pbf from arginine and Boc 
from lysine and its analogs (Orn, Daba, and Dapa). The removal of protecting 
groups results in the formation of very reactive cationic species. These species 
were trapped using scavengers, which are the deionized water and the 
triisopropyl silane in this cleavage solution. The scavengers help reduce the 
chances of any reaction and modification to the dipeptide being synthesized.21 
The Fmoc-Lys(Boc)-Gly- Wang resin was reacted w ith  10 mL of cleavage 
solution for 90 minutes. Due to the volatile nature of the cleavage solution, the 
argon flow  was decreased and the synthesis vessel was covered w ith  parafilm  on 
top w ith  small holes in order to vent. This prevented the solution from boiling to 
prevent its evaporation. The waste container was replaced w ith  a clean 100 mL 
round bottom flask in order to collect the solution. As soon as the cleavage 
solution was collected in the flask, 30 mL of cold ethyl ether was added to the 
flask and the m ixture was put in the freezer overnight.
Once the peptide was given enough time to crash out of solution, it  was 
removed from the freezer and is prepared for extraction. The solution was 
poured into test tubes and centrifuged for approximately one minute. It was 
then decanted and the process was repeated until all solution has been
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centrifuged and decanted. This removes all the ethyl ether from the solution and 
a film  of the peptide should be seen in the bottom of the test tube. In most cases, 
the dipeptide was seen at the bottom of the test tube; however, in some cases the 
peptide was not seen but was still found in the mass spectrometer. The peptide 
remaining in the test tube was then dissolved in a m ixture of 50% water and 
50% methanol. This solution was used to store the peptides in the freezer until 
analysis in the mass spectrometer. In order to prepare the solution for analysis, 
a new solution was made by adding 1-5% of acetic acid to the 50:50 
water:methanol mixture. The addition of the acetic acid facilitates the formation 
of a protonated peptide for the analysis using electrospray mass spectrometry. 
The rest o f the dipeptides were synthesized using the methods described above. 
The other dipeptides synthesized included Lys-Gly, Gly-Lys, Daba-Gly, Gly-Daba, 
Dapa-Gly, Gly-Dapa, Orn-Gly, Gly-Orn, Ala-Daba, Daba-Ala, Dapa-Ala, Ala-Dapa, 
Daba-Arg, Arg-Daba, Dapa-Arg, and Arg-Dapa. A previous lab member had 
synthesized some o f the peptides that w ill be discussed in this work. These 
dipeptides included Lys-Ala, Ala-Lys, Ala-Orn, Orn-Ala, Lys-Arg, Orn-Arg, Arg- 
Lys, and Arg-Orn.
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2.2 ESI Ion Trap Mass Spectrometry
After the dipeptides were synthesized, cleaved, extracted, and stored in a 
50:50 solution of MeOH:water, they were prepared for analysis using a Finnigan 
LCQ-DECA ion trap mass spectrometer. As previously stated, this was done by 
adding 1-5% of acetic acid to the peptide solution to help protonate the peptide. 
The LCQ-DECA ion trap uses an electrospray ionization source (ESI). ESI is a soft 
ionization technique that creates charged droplets of the solution that can then 
pass through into the ion trap in the gas phase. The solution containing peptides 
in methanol:water:acetic acid was injected into the source using a kdScientific 
syringe pump. The peptide was placed in a clean 500 pL Gastight glass syringe 
and was injected into the ESI source w ith  a flow  rate of 900 pL/hour. A 
schematic diagram of the instrument is shown below in Figure 2.4.
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Figure 2.4: Schematic Diagram of ESI Ion Trap Mass Spectrometry 
The peptide solution enters the ESI source as m icro-droplets containing 
ions and solvent. These droplets then go through a heated capillary that is 
usually set between to 175 to 200°C. This serves to evaporate the solvent so the 
protonated peptides enter the quadrupole ion trap as unsolvated gas phase 
ions.23 The sheath gas used in this instrument is nitrogen gas, which serves to 
push the peptide through to the trap and aids in desolvation. After the ions are 
desolvated, they pass through a set of focusing octopoles. These octopoles are 
tuned to an optimal setting for finding a specific m /z ratio. This can be done in 
MS mode or MS/MS mode. The m /z ratio is tuned to that of the protonated 
peptide. Following the octopoles is the ion trap that is used to isolate the ions in 
MS/MS mode and to perform collision induced dissociation (CID) experiments.23
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As the solution enters into the instrument using the syringe pump, a peak 
representing the dipeptide starts to appear. The intensity o f this in itia l peak 
varies w ith  each solution; however, isolation was still possible for all peptides. 
Once the peak was found, it  was isolated in MS/MS product mode where the 
parent ion was isolated and then fragmented to examine the products it  gives. 
The signal was adjusted in MS/MS mode by adjusting the isolation w id th  so 
there were no side peaks next to the peak of interest as this could alter 
fragmentation data. W ith dipeptides, it  was hard to isolate the peak of interest 
at any w id th  higher than 4 amu. Most dipeptides were isolated at 2-3 amu, while 
some were successfully isolated at 4 amu. Following isolation of the protonated 
peptide, the ion was activated using CID. The ion was typically activated at 15, 
30, 50, and 75 % collision energy. An image of each spectrum was recorded and 
analyzed. It is im portant to note that the activation Q during peptide 
fragmentation is set to 0.250 and the activation time is set to 30 msec.
2.3 ESI Triple Quadrupole Mass Spectrometry
Similar methods were adopted for analyzing the peptide solution using a 
ThermoFinnigan TSQ quantum trip le  quadrupole mass spectrometer. The 
solution was prepared and introduced to the instrument the same way as for the 
ion trap. The ionization source on this instrument is also an ESI source and 
operates in the same way w ith  regards to the heated capillary before entering 
the quadrupole set up. The firs t quadrupole is used to isolate the m /z  of the 
protonated dipeptide. The second quadrupole is used as a collision cell to
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activate the ions w ith  CID. The Q2 CID gas was set to 0.6 m torr and the collision 
energy was varied from 10, 30, and 50 % collision energy. A recording of the 
spectra is taken and analyzed as in the ion trap. An schematic o f the trip le  
quadrupole set up is displayed below in Figure 5.
Ion detection system -------------------1
Q3 quadrupole
Lenses L31. L32. L33
Q2 collision cell
Lenses Q1 QO GOO rf Ion source
L21.L22,123 quadrupole quadrupole lens interface
Figure 2.5: Schematic of TSQ Quantum Triple Quadrupole set up
Chapter 3: Results
3.1 ESI Ion trap fragmentations of Dipeptides
In this section, the spectra of the dipeptide fragmentation w ill be 
presented and the peaks w ill be identified. A detailed discussion of the different 
trends w ill be presented in future sections.
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3.1.1 Ala-Xxx
First, a comparison of the dipeptides containing Alanine on the N- 
terminus and a lysine analog on the C-terminus was made. Xxx represents 
lysine, ornithine, DABA, and DAPA.
Ala-Dapa, w ith  a protonated mass-to-charge ratio o f 176 m/z, was 
fragmented at 30, 50, and 75% collision energy. The spectrum w ith  75% 
collision energy is displayed below in Figure 3.1. At this energy, the relative 
abundance of the parent peak (176 m /z) had dropped to approximately 30% 
relative abundance. This gave the cleanest and most informative spectrum 
possible.
Ala-DAPA better75 C ID 3#1 RT: 0.00 AV: 1 N L :1 ,0 5 E 4  
T  * p Full m s2 1 76 .00@ 75.00  ( 50 00-1 80 00]
75^
i  502
M+H
352:
252
176 6
'5-2
1 75,1
103 87 6 J _ 7 8  9 12Q J
60.1 60
m/z
Figure 3.1: Ala-Dapa 75% CID spectrum
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The main peak seen is a loss of water from the parent ion, which is a recurring 
theme in many of these dipeptides. Besides the prom inent loss of water, a 
relatively abundant peak at 103 m /z is seen. This shows the formation of a y i-2 + 
ion, that suggests the formation of y i+ ion w ithout proton transfer. This is an 
unusual fragmentation pattern that is not frequently seen. The other
recognizable peak was the loss of ammonia.
Ala-Daba was isolated in MS/MS at 190 m /z and fragmented w ith  30, 40, 
and 50% collision energy. The fragmentation spectrum at 50% collision energy 
is shown below in Figure 3.2. At 50% collision energy the parent peak is down 
below 5% relative abundance and more fragments were seen breaking off.
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126 ! 143 I 189 9
89 9 99 3 10P 6 i ) i i rrp i'i 
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142.8 157 5 1§1 179 4 191 3
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Figure 3.2: Ala-Daba 50% CID Spectrum
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Similar to Ala-Dapa, the main peak in Ala-Daba is the loss of water from the 
parent ion. The other major peaks are relatively less abundant than the loss of 
water. These peaks include a loss of COOH2 (144 m /z) from the C-terminus and 
the loss of ammonia from the 144 m/z. Another peak that was just above 
baseline was the loss of water from the y i+ peak. Observing this peak is 
interesting since there is an extremely minimal amount o fy i+ seen.
A previous lab member, Matthew Bernier, looked at differences between 
ornithine and lysine, and this w ork expands upon that by looking at the shorter 
lysine analogs Daba and Dapa. The peptide fragmentation spectrum of Ala-Orn, 
isolated at 204 m /z and fragmented at 30% collision energy, is presented below 
in Figure 3.3.16
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Figure 3.3: Ala-Orn 30% CID spectrum16
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The main peak is once again the loss of water, however, an increase in 
abundance is seen in other fragments compared to the Ala-Daba. The y i+ ion and 
the loss of water from the y i+ ion have increased in abundance. The loss of water 
from the y i+ ion increased from less than 5% abundance to approximately 20% 
and the y i+ ion is now above baseline compared to the minimal amount seen in 
Ala-Daba. Other fragments seen are the loss of COOH2 and NH3 from the parent 
ion as well as the loss of water and ammonia.
The fragmentation of Ala-Lys, 218 m/z, was done at 30% collision energy 
and is seen below in Figure 3.4.
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Figure 3.4 Ala-Lys 30% CID spectrum16
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The major peaks in Ala-Lys fragmentation are the loss o f water from the parent 
ion and the loss of water from the y i+ ion. The other prominent fragments 
include the loss of COOH2 and NH3 from the parent ion and from the y i+ ion. 
Having a relative abundance of 25% compared to less than 5%, the y i+ ion is 
much more prom inent compared to the other three analogs. The abundance of 
the y i+ ion in Ala-Lys suggests that the more basic lysine keeps the charge. It is 
evident that as basicity increased on the C-terminus, y ions and the ir fragments 
showed more abundance.
3.1.2 Xxx-Ala
Having looked at Ala-Xxx, the next step was to look at Xxx-Ala to compare 
the different fragmentation pathways when the lysine analogs are on the N- 
terminus. The fragmentation of Dapa-Ala represented in Figure 3.5 was done at 
50% collision energy of m /z 176.
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Figure 3.5: Dapa-Ala 50% CID spectrum 
The main peak seen is the loss of water from the parent ion at 158 m /z. At 159 
m /z, there is a loss of ammonia that has approximately 5% relative abundance. 
In Dapa-Ala, a c i+-2 is seen which suggests a lack of proton transfer when 
fragmenting. This phenomenon was not seen in any other dipeptides examined. 
A t baseline, a y i+ and an a i+ ion are seen but w ithout significant abundance. It is 
im portant to note that no b ions were present at all in the fragmentation of 
Dapa-Ala.
The fragmentation of Daba-Ala (190 m /z ] at 75% collision energy is 
shown in Figure 3.6.
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Figure 3.6: Daba-Ala 75% CID spectrum 
As opposed to the Dapa-Ala, the loss of ammonia from the parent ion is the most 
abundant peak in the fragmentation in Daba-Ala . Other peaks seen are loss of 
both water and ammonia and a loss of COOHz. A significant peak is the b i ion 
that is seen at 101 m/z. At 119 m /z is the mass of protonated DABA on its own, 
which is in most cases can not seen.
In Orn-Ala, a much simpler and cleaner spectrum is seen. As the DABA is 
replaced w ith  Orn, the dominance of b+ ions abundance is seen. In Figure 3.7, 
the fragmentation of Orn-Ala shows the main peak is the b i ion. Along the lines 
of Daba-Ala, the loss of ammonia is highly prominent compared to the loss of 
water. The mass of protonated Ornithine alone is not seen here as seen in DABA, 
which is normal.16
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Figure 3.7: Orn-Ala 30% CID spectrum16
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Figure 3.8: Lys-Ala 30% CID spectrum16
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The MS/MS fragmentation of Lys-Ala at 30% collision energy is shown in 
Figure 3.8. Similar to Orn-Ala, the b i+ ion is the most prom inent peak in the 
fragmentation of Lys-Ala. The other peaks that are highly abundant are the loss 
of ammonia and water from the parent ion. As seen in Daba-Ala, at 147 m /z, the 
mass of protonated lysine is present. This is an unlikely fragment to see break 
off and has no observable pattern since it  is not seen w ith  Orn-Ala.
An interesting pattern that is observed when comparing the Ala-Xxx and 
the Xxx-Ala is the prominence of the loss of water and ammonia. Ala-Xxx shows 
the dominance of the loss of the water from the parent ion as seen above. The 
Xxx-Ala fragmentations show the loss of ammonia having the highest relative 
abundance. The only exception to this was seen in Dapa-Ala where the loss of 
water was still the highest abundance.
3.1.3 Gly-Xxx
Gly-Dapa was synthesized and fragmented in MS/MS at 50% collision 
energy. The main peak observed is a loss of water from the parent ion at 144 
m/z. Other identified peaks included the loss of COOH2 from the parent ion and 
a very small amount of y i+. The Gly-Dapa fragmentation spectrum shown below 
in Figure 3.9 showed very little  fragmentation. There was a lack of the b ions 
suggesting the proton was on the DAPA residue.
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Figure 3.9: Gly-Dapa 50% CID spectrum 
Gly-Daba, mass at 176 m/z, was isolated and fragmented w ith  75% 
collision energy. It is im portant to note that some dipeptides required higher 
collision energies than others as seen w ith  Gly-Daba compared to 50 and 30% 
w ith  many other dipeptides. Once again the major peak seen was identified as a 
loss of water from the parent ion. The loss of COOH2 from the C-terminus was 
again seen in the fragmentation of Gly-Daba. The two other peaks seen in the 
fragmentation of Gly-Daba, shown in Figure 3.10, are unusual and rarely seen. 
At 121 m /z is a significantly abundant peak that represents the y i++2 ion. This 
could be a possible rearrangement that causes an odd transfer of protons. A
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peak at 103 m /z  that represents a loss of water from the y i++2 ion accompanies 
this peak at 121 m/z.
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Figure 3.10: Gly-Daba 75% CID spectrum
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Figure 3.11: Gly-Orn 60% CID spectrum
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The fragmentation spectrum of Gly-Orn, shown above in Figure 3.11, was 
performed in MS/MS at 60% collision energy of the parent ion, 190 m/z. The 
main peak was the loss of water from the parent ion, represented at 172 m/z. 
Other peaks seen were the loss of COOH2 from the parent ion and the loss of 
ammonia and COOH2. A peak of significance here is seen at 115 m/z, 
representing the loss of water from the y i+ ion. The y i+ ion did not show any 
relative abundance, but the presence of the loss of water from the y i ion suggests 
that the mobile proton is starting to favor the more basic ornithine.
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Figure 3.12: Gly-Lys 50% CID spectrum 
The dipeptide Gly-Lys was isolated at a mass of 204 m /z and fragmented 
at 50% collision energy. The fragmentation spectrum, shown above in Figure 
3.12, gave the parent ion w ith  loss of water, ammonia and w ith  both. In the
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fragmentation of Gly-Lys, the y i+ ion is apparent at 147 m /z and the loss o f water 
from this y i ion is the second largest peak in the spectrum. The relative 
abundance of the y i+ ion in Gly-Lys is much larger than seen in the three analogs 
presented above which is due to the basicity of the lysine.
3.1.4 Xxx-Gly
Following the fragmentation of the Gly-Xxx, lysine and its analogs were 
put on the N-terminus and different fragmentation pathways were observed. 
The fragmentation of Dapa-Gly, shown in Figure 3.13, was done at 50% collision 
energy. The fragmentation shows the common loss of water and ammonia from 
the parent ion as the main peaks. A loss of COOH from the parent ion is seen at 
116 m/z. There is a very small amount o f y i+ and loss of water from y i+ seen 
w ith  a relative abundance between 2 and 3%. An interesting fragment loss is 
seen at 133 m/z, representing a loss of CH 3 N. This could suggest the loss of a 
fragment o ff the side chain of the DAPA w ith  a rearrangement.
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Figure 3.13: Dapa-Gly 50% CID spectrum 
Daba-Gly, w ith  a mass of 176 m/z, was fragmented w ith  75% collision 
energy and is displayed in Figure 3.14. In Daba-Gly, the loss of ammonia and 
water present large dominating peaks w ith  ammonia being larger. The second 
largest peak is the b i peak at 101 m/z. This is expected due to the increased 
basicity of the DABA compared to DAPA, so the emergence of b ions starts to be 
seen. Other peaks seen are the loss of ammonia and water from the parent ion 
as well as the loss of COOH2 from the parent ion. At 73 m/z, is the a i+ ion, which 
represents the loss of CO from the b i+. This was a relatively clean spectrum w ith  
a moderate amount of fragmentation.
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Figure 3.14:Daba-Gly 75% CID spectrum 
The fragmentation of Orn-Gly, as shown in Figure 3.15, was done at 50% 
collision energy of the M+H mass of 190 m/z. As expected, an increase in the 
relative abundance of the b i ion is observed. At 173 m/z, is the expected loss of 
ammonia, however loss of water was not seen. There are two interesting peaks 
that are observed in the spectrum of Orn-Gly, the one at 176 m /z and at 146 
m /z. These could be fragments from the side chain of ornithine but could also be 
impurities. The loss of 14 at 176 m /z would be a loss of CH2 or the loss of N, 
which is highly unlikely. The peak at 146 m /z could be represented by the loss 
of CH2-CH2-NH2 from the parent ion, which is more likely, but once again it could 
also be an im purity.
38
Re
la
tiv
e 
Ab
un
da
nc
e 
 ^
Re
la
tiv
e 
A
bu
nd
an
ce
orngly50#1 RT 0 02 AV 1 NL 4.59E4
T + p Full ms2 190 30@cid50 00 [50 00-200.00]
114 93
100-1
90-
80-
70-
60-
50-
M + H -N H 175 73
30-
173,07
m +h -ch7-ch,-nh 190: M+H20-
116.00 y
127 00 1 34 47 14888 15793
IQ- 7000 .11640
104,80 1134Z8467 .876933
180 200100 120 140 160
m/z
Figure 3.15: Orn-Gly 50% CID spectrum
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Figure 3.16: Lys-Gly 50% CID spectrum
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The fragmentation of Lys-Gly, shown above in Figure 3.16, showed a few 
more fragments than its three analogs. The loss of ammonia is more relatively 
abundant than the loss of water, which was also the case w ith  ornithine and 
DABA. The b i+ ion at 129 m /z is the most abundant peak in this fragmentation. 
This is expected due to the high basicity of lysine that causes the attraction of the 
proton. At 101 and 84 m /z are two fragments representing the loss of water 
from the b+ ion and the loss of water and ammonia from b+ ion respectively. At 
75 m /z is some abundance along the baseline that could very well be a y i ion, 
but is most like ly background noise.
3.1.5 Xxx-Arg
After coupling lysine and its analogs w ith  the two simplest amino acids 
(glycine and alanine], it  was of interest to compare those results w ith  a more 
complex amino acid. The more complex and more basic amino acid that was 
chosen was arginine. When running arginine-coupled dipeptides in the ion trap, 
it  was much easier to isolate them compared to other dipeptides. This is due to 
the very basic nature of arginine.
First Dapa-Arg was synthesized and fragmented in MS/MS mode at 261 
m /z  w ith  75% collision energy. The loss of water and loss of ammonia from the 
parent ion are the two main peaks in the spectrum. The loss of both water and 
ammonia from the parent ion is also observed at 226 m/z. At 215 m/z, is a small 
peak representing the loss of COOH2 from the parent ion. Due to the basic 
nature of arginine, y ions were expected to show up in the fragmentation
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spectrum. The y i+ ion is present at 175 m /z and the loss of water from the y i+ is 
seen at 157 m/z. Both those peaks were seen w ith  a significant abundance, the 
loss of water from the y ion was the largest peak besides the loss of water and 
ammonia from the parent ion. The spectrum for the fragmentation of Dapa-Arg 
is displayed below in Figure 3.17.
dapa-arg_75% #1 RT 0.02 AV 1 NL 9 28E5 
T + p Full ms2 261 00@cid75 00 (70 00-280.00]
M+H-NH3
w 35-E03
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Figure 3.17: Dapa-Arg 75% CID spectrum 
Compared to the Dapa-Arg, Daba-Arg was a much cleaner spectrum w ith  
very little  fragmentation. Even though the Daba-Arg was only h it w ith  40% 
collision energy compared to the 75% of Dapa-Arg, both parent ions had been 
reduced to approximately 5% relative abundance. W ith Daba-Arg, the loss of 
water was the largest peak, while the loss of ammonia was not observed. At 239 
m /z is a loss of 36 from the parent ion that is hard to explain. This could be a 
loss of water in addition to the loss of a neutral ammonium. There is a very
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unlikely possibility of two waters being broken off the parent ion at 239 m/z. 
The y i+ ion was observed w ith  a relative abundance of 87%. At 157 m /z, is a 
tiny peak that could represent the loss of water from the y+ ion. The 
fragmentation spectrum of Daba-Arg is shown below in Figure 3.18.
DA B A-Arg40#1 RT: 0 00 A V I  ML: 2 35E6  
T  ♦ p Full m s2 275 00@ 40 00 | 75 00-277  00]
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20;
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175 9 242 51 5 6 8  16185 8
220
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Figure 3.18: Daba-Arg 40% CID spectrum 
The spectrum of Orn-Arg, displayed in Figure 3.19, also gave a clean 
spectrum w ithout an excess of fragments breaking off. Replacing the DABA w ith  
the Orn saw the y i+ ion becoming the main peak at 175 m/z. The loss of water is 
seen at 271. At 236 m/z, a large peak is seen and could represent the loss of 
ammonia from 253 m/z. A peak sim ilar to this is not apparent in the 
fragmentation of Daba-Arg, but is seen later in the Lys-Arg spectrum. The peak
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representing the loss of water from the y+ ion is larger than seen in Daba-Arg, 
but still barely visible.
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Figure 3.19: Orn-Arg 30% CID spectrum16 
In the 30% CID spectrum of Lys-Arg, the y i is again the largest peak in the 
fragmentation. The loss of water from the parent ion is observed at 285 m/z. It 
is in te res ting  to  note th a t the m olecule O rn-Arg loses a w a te r and an 
am m on ium  neu tra l from  the pa ren t ion. Com paratively, Lys-Arg loses one 
w a te r and am m onia fro m  the pa ren t ion. At 250 m/z, the equivalent o f 236 
m /z  in Orn-Arg, there is a loss of water, an ammonium neutral and ammonia 
from the parent ion. The difference seen between Lys-Arg and Orn-Arg is that 
Orn-Arg seemed to lose water and ammonium before losing the ammonia, while
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the Lys-Arg lost water and ammonia followed by the loss of ammonium. The 
loss of water from the y ion in Lys-Arg is more abundant than in Orn-Arg and 
Daba-Arg. The spectrum for Lys-Arg is shown below in Figure 3.20. Once again, 
the basicity o f arginine on the C-terminus dominates the fragmentation 
mechanism resulting in y+ ions.
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Figure 3.20: Lys-Arg 30% CID spectrum16
3.1.6 Arg-Xxx
The Arg was then put on the N-terminus and coupled w ith  lysine and its 
analogs. Arg-Dapa was fragmented w ith  30% collision energy. The spectrum 
was not as clean as some of the other spectra w ith  many peaks showing up. The 
loss of water and ammonia from the parent ion is observed. The loss of both
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water and ammonia from the parent ion is also seen w ith  a strong peak at 226 
m/z. W ith 30% abundance, the b i is observed. At 139 m/z, a loss of water from 
the b i ion is seen. A very small peak at 105 m /z could represent an y i+ ion, but 
the peak is not confirmed. It is unlikely for a y+ ion to form in this dipeptide due 
the highly basic nature of the arginine on the N-terminus.
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Figure 3.21: Arg-Dapa 30% CID spectrum 
The fragmentation spectrum for Arg-Daba was somewhat cleaner than 
that for Arg-Dapa. The fragmentation for Arg-Daba was done at 50% CID in 
MS/MS mode. The largest peak in this spectrum, displayed below in Figure 3.22, 
is at 175 m/z. This peak can be identified as one of two things; a stand-alone 
arginine or a cluster between the water and the b i+ ion. The b i+ ion present at 
157 m /z  could be gaining a water to get to 175 m/z. Another peak seen was the
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loss of ammonia from the b i+ ion. This is a rare peak seen in all of the dipeptides
but is common when arginine is on the N-terminus.
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Figure 3.22: Arg-Daba 50% CID spectrum
Similar to Arg-Daba, Arg-Orn's fragmentation spectrum is dominated by 
175 m/z. This again can be the cluster formed between the b+ ion and the water 
or a stand-alone arginine. The spectrum displayed below in Figure 3.23 only has 
three significant peaks. The loss of water from the parent ion and the b i+ ion are 
the other two significant peaks.
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Figure 3.23: Arg-Orn 30% CID spectrum16
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Figure 3.24: Arg-Lys 30% CID spectrum16
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The fragmentation spectrum of Arg-Lys was collected w ith  30% collision 
energy is shown above in Figure 3.24. The fragmentation gave the loss of water, 
ammonia and both from the parent ion. Once again, the main peak in the 
dipeptides w ith  the Arg on the N-terminus is the 175 m /z. This can be identified 
the same as above in Arg-Orn and Arg-Dapa as a cluster of the b ion w ith  water 
or a stand-alone arginine. The difference between the Arg-Lys and the other 
three analogs is that the b i+ ion is more abundant in the Arg-Lys. There is an 
absence of y+ fragments in these spectra. This shows that the arginine is more 
basic than the lysine and its analogs and this results in the proton staying on the 
arginine.
3.2 ESI trip le  quadrupole fragm entation of dipeptides
3.2.1
Late into my masters, our lab purchased a new instrument, a Finnigan 
TSQ Quantum ESI trip le  quadrupole. Following calibration of the instrument, a 
couple dipeptides were run on the trip le  quadrupole. This helped compare the 
spectra on the two different instruments and confirm that the new instrument 
was giving reasonable data. The dipeptides run on the trip le  quadrupole were 
Daba-Gly and Lys-Gly. The fragmentation spectra were in good agreement w ith  
the spectra on the ion trap. The only main difference was seen in Lys-Gly that 
gave a much larger peak for the loss of ammonia and water from the b i+ ion than 
the b i+ ion itself. The spectra are seen below in Figures 3.25 and 3.26. This effect
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can be attributed to the fact that the trip le  quadrupole has a larger collision 
energy and thus more secondary fragmentations are seen.
DABA City ?0#t P I  0 01 AV 1 ML 1 45€6 
T ♦ p ESI Fufl 176 000@c«dl5 00 MO 070 16*0001
M + H - H .O
M + H
Figure 3.25: Daba-Gly fragmentation spectrum in trip le  quadrupole
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Figure 3.26: Lys-Gly fragmentation spectrum in trip le  quadrupole
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3.3 Trends
Analysis of the spectra of the dipeptides gave little  to no unusual results. 
As expected in Ala-Xxx, the significant peaks seen were the y i+ and y i+-HzO. The 
abundance of these ions increased w ith  the increasing basicity going from Daba 
to lysine being on the C-terminus. Switching to Xxx-Ala, the b i+ ion is observed 
once again w ith  increasing intensity as basicity increased. The formation of b i+ 
ions in dipeptides is an energetically non-favored reaction. b i+ ions are not 
generally seen in the fragmentation of simple protonated amino acids and 
derivatives.24 However, b i+ ions are observed w ith  Arg, Lys, and His in the six- 
membered cyclic structure. This six-membered cyclic structure is formed by the 
nucleophilic attack of the side chain on the carbonyl carbon. The stable b i+ ions 
of Arg, Lys, and His are believed to form directly from protonated dipeptides 
w ith  the basic residue on the N-terminus.24 Similarly, w ith  glycine replacing the 
alanine, y+ ions were seen when lysine or its analogs were on the C-terminus. b+ 
ions were also observed when the basic lysine residue was on the N-terminus.
The lysine analog, Dapa, was an exception to the trends described above. 
Starting w ith  Ala-Dapa, y i-2 + ion was observed in the spectrum. This suggests 
the formation of a y i+ ion w ithou t proton transfer which is a very unusual 
fragmentation pattern. Dapa-Ala produced a sim ilar fragment in c i+-2 that also 
suggests a lack of proton transfer. In Dapa-Gly, a loss of a fragment o ff the side 
chain is suggested w ith  the loss of 29 m /z from the parent ion. This could be the 
loss of CH2NH off the Dapa side chain w ith  a rearrangement of the peptide.
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The very basic nature o f arginine largely shapes the fragmentation 
patterns seen in Arg-Xxx and Xxx-Arg. Arg-Xxx showed an abundance of b i+ ions 
as expected since arginine is more basic than lysine and its analogs. On the other 
hand, Xxx-Arg spectra have a dominance of y i+ ions. The arg-coupled dipeptides 
gave normal spectra w ith  the exception o f Daba-Arg, Orn-Arg, and Lys-Arg. 
These three dipeptides displayed a loss of 36 m /z from the parent ion. This 
could represent the loss of water in addition to an ammonium neutral or the loss 
of two waters. It is interesting to note that this was only seen in the more basic 
Daba, Orn, and Lys and only seen w ith  arginine on the C-terminus.
Additional w ork is necessary to be able to fu lly  understand the effects of 
structure (side chain length) and basicity on fragmentation patterns. Studying 
dipeptides containing other amino acids w ith  lysine and its homologs would be 
the next step. Synthesis of lengthier peptides containing lysine and its homologs 
would be of interest. Dipeptides, pentapeptides, and heptapeptides 
fragmentation patterns have been studied. Adding to this database of 
fragmentation results would help better our understanding of structure and 
basicity effects on fragmentation patterns.
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